Abstract-Ultra-wideband (UWB) technology is a new concept in wireless short-range communication. It has numerous advantages that are resulted in producing different new products in various applications. This technology uses very short duration pulses hence occupies very large transmission bandwidth. This phenomenon may cause harmful interference in the existing wireless devices. The main objective of this study is to evaluate the effective parameters in ultra-wideband communication for indoor short-range devices. In this regard, two commercial UWB devices are utilized and effects of these devices in different experimental configurations are investigated. Three configurations including the effects of distance, narrowband spectrum, and another UWB device on bit error rate performance are evaluated. The results of the performed experiments showed the stability and amenability of the UWB technology to be used in multiple UWB devices.
INTRODUCTION
The technology of ultra-wideband (UWB) goes back to the early 1960s. The UWB wireless communication has been emerged from time-domain electromagnetic technology [1] . It provides a large number of applications that have benefits for consumers and businesses with ensuring the public safety. UWB devices could be able to operate with wide range of spectrums that were occupied by various existing radio services without imposing interference. In this regard, the UWB devices must follow some regulations [2] and are also provided by suitable techniques. UWB technology uses a simple analog waveform including a simple pulse that is radiated to air [3] . Hence, this simple technique can be implemented without utilizing expensive radio frequency components of course reduces the total cost of the products.
Various advantages of UWB led to increase its applications such as radar [4] , biomedical [5] , sensor network [6] , and home entertainment [7] . Large bandwidth enables high-rate communication, potential for processing gain, and penetration of walls, however the most important disadvantage is potential interference to/from existing radio systems [8] . In the several studies, the performance of the UWB in an environment with additive white Gaussian noise with dense multipath [9] and multipath fading [10] have been evaluated. Therefore, based on UWB characteristics, different applications such as multiple access communication [11] , low-power communication [6] , high-rate WPAN [12] , and indoor localization [13] are provided. Since UWB system uses a wide bandwidth, the effects of other narrowband (NB) communications on UWB system must be considered [14] . In this regard, several studies have been performed that analyzed the effects of narrowband interference (NBI) on UWB communication [15] [16] . It has been found that, the NBI may affect the UWB communication with respect to the distance and also the overlapping range of central frequencies between NB and UWB devices.
In this paper, the effects of emissions from two different UWB devices are studied. The selected devices are in similar frequency domain in range between 3 and 6 GHz. Three different experimental configurations for testing single channel communication, single channel with an additional NBI, and two UWB devices are performed. For each experiment the bit error rate (BER) performance are extracted. The utilized UWB devices are commercial products for wireless audio video extending and UWB evaluation kit for research purposes. The aim of our experiments is to investigate the effects of different factors such as separation distance and communication rate in indoor UWB devices.
II. ULTRA WIDEBANDE COMMUNICATION
Fast rise or fall times of a baseband pulse are commonly used for generation of short-pulse waveform [17] . UWB pulses generally consist of a few radio frequency (RF) cycles of energy. The increase of UWB devices and based on its advantages, different applications have been commercialized. In this regard, the Federal Communications Commission (FCC) in United States allows the use of UWB devices with the frequency range of 3.1 to 10.6 GHz under part 15 of its regulation [2] . Based on this regulation, UWB is a signal with at least 20% of bandwidth to center frequency ratio. A maximum power of -41.3 dBm was defined as the limitation of operating power for UWB devices. Exceeding this power level may cause interference to primary wireless services. Thus, a power spectral mask has been defined for RF devices for indoor and outdoor applications (see Fig. 1 ).
As it was mentioned before, UWB pulses include several RF cycles. As a simple explanation, a monopulse is used to present the UWB pulse in mathematical model. Pulse doublet is the another common model in UWB technology [18] . Moreover, idealized model has been developed to be used in analysis of UWB systems. In addition, polycycle waveform is an example of analytical model that shows UWB pulses include of N sinusoid cycles [19] : Fig. 2 (a) shows this type of waveforms. Another model for UWB pulses is Gaussian monopulse [3] . In addition, Gaussian polycycle is also an alternative model for UWB pulse modeling that is shown in Fig. 2 (b) . In this model, a sinusoid waveform is combined with a Gaussian function. Based on the described basic explanation of an UWB system, there are several effective parameters that can destroy the UWB pulses. Hence, in order to the design and implementation of the multiple and complex systems including several NB and UWB devices, the effects of these parameters must be analyzed.
III. METHODOLOGY
In this study, three different configurations of devices are used. According to the study on applications of UWB, two commercial devices are utilized (see Fig. 3 ). Both devices are selected with slightly similar bandwidth for investigating interferences. In addition, a narrowband signal generator with constant frequency is employed to test the affects of NBI on UWB short-range communication. [20] is a user friendly integrated UWB radio device. The evaluation kit includes two radios and system analysis software (SAM). Radio is connected to computer via LAN cable and computer uses a fixed IP address to access and control the device by the monitoring software. Generally, one of the radio devices is configured as the transmitter and another radio plays receiver role. The monitoring software gives opportunity to fully configure the radio system and communication parameters.
The center frequency of this device is approximately 4.7 GHz with bandwidth of 3.2 GHz and PRF (Pulse Repetition Frequency) of 9.6 MHz. Fig. 4 illustrates the wave form and frequency distribution of the device that were captured using a high frequency digital oscilloscope (LeCroy-Wave Master 830Zi). The output power of transmission is less than -41 dBm. Moreover, the frequency distribution shows a wideband of communication channel approximately between 3 and 6 GHz. 
B. Wireless A/V Extender
One of the new applications of short-range UWB system is the wireless devices for home entertainment. Imation LINK TM [21] produced a wireless audio/video extender device that uses UWB technology to communication between computer and extra screen (television and LCD). This device includes an USB transmitter that connects to the host computer and a receiver device with HDMI and AV connection in TV part.
According to the variety of the standards for different countries, this device is produced in different frequencies: 3.11 -4.8 GHz (United States), 6.3 -7.9 GHz (EU, Singapore, NZ, and Canada) and 7.3 -9 GHz (Japan, Korea, and China) [21] . Fig. 5 illustrates a sample of frequency distribution for this device which is employed in our study. The frequency distribution shows that this device has been produced for United States. We selected this device due to its frequency overlapping with PulsON device. 
C. Experimental Setup
The variables of the experiments are transmission rates which are selected in three different rates (9.6 Mbps, 600 and 75 Kbps) and separation distance between transmitter and receiver (1 to 12 m). The studied parameters in the receiver part are BER performance and signal strength. The systems analysis module software of PulsON is used for measuring these parameters.
In order to study on effects of UWB emissions, three different experimental setups are utilized (see Fig. 6 ). The first configuration of experiments is the effects of separation distance in a single UWB communication. The second part is the effects of NBI with two central frequencies (3.1 and 4.7 GHz). In the third configuration, two UWB devices that were explained in the previous section are used together. Each experiment is individually performed in duration of 600 sec continuous transmission the performance of the system is estimated in receiver unit after finishing each experiment.
IV. EXPERIMENTAL RESULTS
In this section the results of the experiments that were performed with different configuration are presented.
A. Effects of Separation Distance
The first experiment was to investigate the influence of the separation distance between UWB devices (transmitter and receiver). Fig. 7 depicts the signal strength in receiver part as a function of distance. The results showed reduction of signal strength with increase of the separation distance. Fig. 8 shows the bit error rate performance as a function of separation distance of UWB devices. Clearly, an increase in distance between transmitter and receiver results in increasing the BER and reducing the performance of the communication in bit level. Moreover, the communication rate affects the communication quality. As it was shown in the results of the experiments with different link rates (see Fig. 8 ), low transmission rate had less impact in separation distance. As it was expected, communication with 75 Kbps transmission rate had better performance in comparison with high transmission rates. 
B. Effects of Narrow Band Interference
In this section, the influence of the separation distance in presence of NBI is discussed. The NBI was applied in two different frequencies to investigate its impact on the BER performance. Fig. 9 illustrates the results of the BER performance as a function of separation distance. The obtained results show that, the BER performance reduces with increase the separation distance between NB generator and UWB receiver. The similar phenomenon was reported in [16] which the increase in the distance between NBI and UWB resulted in high impact in BER performance. In addition, with a similar central frequency for NBI and UWB (4.7 GHz), the high frequency degradation was occurred. This behavior was also reported in previous study [15] . Figure 9 . Bit error rate as a function of distance in different link rates (9.6 Mbps, 600 Kbps, and 75 Kbps) in presence of the NBI (4.7GHz and 3.1 GHz).
C. BER Performance in Presence of Another UWB Device
The final part of the experiments was to investigate the BER performance in presence of another UWB device with the slightly overlapped bandwidth. Fig. 10 shows the obtained results of the experiments that were setup based on the third experimental configuration as depicted in Fig. 6 (c) . Clearly, the BER performance was affected in presence of another UWB device. As it was shown in Fig. 4(b) and Fig. 5 , the output transmission of UWB transmitter is higher than wireless AV extender. Hence, the BER performance of the UWB receiver was reduced significantly. Moreover, the separation distance between UWB transmitters and receivers had additional impact on the BER performance. It may cause due to increase the viewing angle of the emitted signals from the wireless AV extender. We did not have access to wireless AV extender communication status to analyze its performance. Hence, we just focused on the affects of UWB wireless AV extender on UWB receiver device. Although the transmitted video in target monitor had picture freezing problem, the system worked without disconnection problem during experiments. It shows the stability of UWB devices that allows utilizing multiple UWB devices without serious connection problem. 
V. CONCLUSION
In this paper, the effects of separation distance between UWB communication stations were studied. Results showed that the increase in separation distance results in reduce the system performance. In addition, the performance of the system was evaluated in the presence of a NB signal generator. Results illustrated that, NBI influences the system performance with respect to the separation distance. The important characteristic of the NBI that impacts the performance was the similarity of the central frequencies for UWB and NBI. Hence, the overlapping between UWB and NBI central frequencies increases the error rate in UWB device. Finally, the experiment was performed with an additional UWB communication device. The system performance was affected in presence of another UWB device. The separation distance between transmitter and receiver in this setup had also important influence in the bit error rate performance.
